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1.0 INTRODUCTION 
This section provides background for the Cottonwood Creek Post-Assisted Log Structure (PALS) 
Project (Project) and introduces Project goals and objectives based on habitat limiting factors 
identified in the Snake River Salmon Recovery Plan for SE Washington (SRSRB 2011) and the Walla 
Walla County Conservation District (WWCCD). This report is provided to document the Project goals 
and objectives, existing conditions at the site, and proposed designs and cost estimates for the 
preliminary design. The report is organized as follows: 

• Section 1.0: Introduction (this section) 

• Section 2.0: Existing Conditions 

• Section 3.0: Proposed Site Conditions, Designs, and Analyses 

• Section 4.0: Construction Quantities and Preliminary Construction Cost Estimates 

• Section 5.0: References 

• Appendix A: Previous Designs 

• Appendix B: Cottonwood Creek PALS Preliminary Design Drawings  

• Appendix C: Preliminary Design Engineering Analyses 

1.1 Project Background 
The 1.5-mile-long Project reach is located along two sections of Cottonwood Creek approximately 1.5 
miles upstream of the confluence with Yellowhawk Creek (Figure 1). The downstream site is 
downstream of Powerline Road and the upstream site is upstream of Powerline Road. In this reach of 
Cottonwood Creek, significant impacts including lack of riparian vegetation and woody debris, 
channel instability, and lack of surface flow in late spring and early summer reducing availability of 
habitat for salmonids. The Project design will include a series of PALS and beaver dam analogs (BDAs) 
and several larger engineered structures in conjunction with riparian plantings to improve instream 
habitat, increase fine sediment retention, and improve riparian conditions to improve conditions for 
salmonids through a combination of willing landowners and measurable design criteria and 
objectives. 
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Figure 1-1. Cottonwood Creek PALS Design Project Location 

1.2 Project Goals and Objectives 
The Project design goal is to address limiting factors while maximizing habitat improvement. To meet 
this goal, the Project objectives include: 

• Improvements to instream habitat quality and quantity 

• Improving channel stability 

• Improving riparian vegetation conditions 

All objectives must be met in a way that includes feedback and approval from landowners along the 
reach. To address the Project objectives, quantifiable and repeatable metrics were identified to guide 
analyses and development of the Project design. Table 1-1 presents the metrics and demonstrates 
linkages between the Snake River Salmon Recovery Plan for SE Washington (SRSRB 2011) limiting 
factors and the identified metrics. Design criteria for project elements are intended to ensure that the 
engineering design meets project objectives and maintains compliance with applicable codes, 
standards, and established criteria. Table 1-2 below provides a summary of design criteria for project 
elements, including associated risks to infrastructure or failure to perform, and compensating 
analyses. 
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Table 1-1. Summary Snake River Salmon Recovery Plan for SE Washington (SRSRB 2011) Limiting Factors, Project Objectives, Project Metrics, and 
Evaluation Methods 

Limiting Factor Category 
(SRSRB 2011) Project Objectives Metrics Evaluation Methods 

Habitat Quality and Quantity Improve instream habitat 
quality and quantity 

Primary Channel Length Measure channel geometry from topographic survey 

Secondary Channel Length Measure channel geometry from topographic survey and/or imagery (includes off-
channel habitat) 

Bankfull Width Measure channel geometry from survey cross-sections and/or hydraulic modeling 
results 

Bankfull Depth Measure channel geometry from survey cross-sections and/or hydraulic modeling 
results 

Bankfull Cross-Sectional Area Measure channel geometry from survey cross-sections and/or hydraulic modeling 
results 

Width/Depth Ratio Measure channel geometry from survey cross-sections and/or hydraulic modeling 
results 

Gradient Measure channel gradient from topographic survey 
Sinuosity Measure from topographic survey 

Braided-Channel Ratio Ratio of total channel length to the primary channel length (Friend 
 and Sinha 1993) 

Channel Complexity Index Sinuosity times the number of nodes utilized by valley distance (Brown 2002) 
Pool Frequency or Spacing Count of number of pools per channel length (Montgomery et al. 1995) 
Relative Habitat Abundance Measure of pool, riffle, run, and glide habitat percent of primary channel length 

Large Wood Counts Tally the number of large wood pieces 
Abundance of Spawning and Rearing 

Habitat 
Measure of abundance of spawning and rearing habitat for summer steelhead from 

hydraulic modeling and fish preference curves 

Channel Stability Improve channel stability 

Sediment Size Distribution Pebble counts of surface grains (Bunte and Abt 2001) 

Flow Competence Calculate threshold of motion sediment size estimates with Shields equation 
(Shields 1936) 

Sediment Transport Rate Calculate bed material transport rates 

Water Temperature Improve riparian 
vegetation conditions 

Native riparian cover abundance, height, 
and condition 

Utilize highest hit LiDAR returns to calculate canopy height in the riparian area, 
utilize OpenET data to calculate evapotranspiration rates 
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Table 1-2. Project Design Components, Design Criteria, Risk Assessments, and Compensating Analyses or Measures 

Design Component Design Criteria Risk Assessment Compensating Analyses or Measures 

Riparian Vegetation 
and Wetlands 

• Protect existing vegetation and snags 
• Establish wide riparian buffers 
• Plant for multispecies benefit (e.g., 

variety of vertical heights, understory 
cover, access points, species groupings) 

• Utilize increased side channel 
connectivity for riparian vegetation 
restoration 

• Potential for low survival and ungulate 
browsing 

• Noxious weed infestations 

• Install site appropriate native vegetation 
• Preserve and replant existing native vegetation where 

feasible 
• Hydrologic and hydraulic analyses 
• Technical specifications for plant handling, care, 

installation, and survival 
• Noxious weeds monitored and removed 

In-channel Structures 

• Increase habitat quantity and quality 
• Create channel roughness 
• Improve sediment sorting and retention 
• Key structures stable to the 100-year 

flow 
• Beaver Damn Analogs stable to the 2-

year flow 

• Risk to downstream infrastructure 
• Potential for deflection of flow towards 

channel banks resulting in increased bank 
erosion 

• Structure stability calculations 
• Structure stability enhanced with pilings and ballasting 

alluvium 
• Shear stress estimates 
• Hydraulic analysis 
• Sediment transport analysis 

Channel Form 

• Where risk to infrastructure is low, 
channels to be designed to enable 
process and continued geomorphic 
change 

• Channel form and sediment routing to 
maintain aquatic communities 

• Minimization of excavation through use 
of pilot channels and allowing the 
stream to the do the work 

• Channel design to include single-thread 
low-flow channel to maintain fish 
passage 

• Risk to infrastructure 
• Potential for unanticipated geomorphic and/or 

flow changes 
• Impacts to existing vegetation 

• Hydrologic and hydraulic analyses to ensure delivery of 
flows 

• Velocity and shear stress calculations 
• Sediment transport modeling 
• Minimization of impacts to existing vegetation 

Infrastructure 

• Design capacities of existing bridges to 
be maintained 

• Maintain existing 100-year flood levels 
(i.e., no rise) 

• Risk to infrastructure 
• Potential for deflection of flow towards 

channel banks resulting in increased erosion 
• Potential for unanticipated geomorphic and/or 

flow changes 

• Hydrologic and hydraulic analyses 
• Velocity and shear stress calculations 
• Sediment transport modeling 
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2.0 EXISTING CONDITIONS 
This section discusses the existing conditions in Cottonwood Creek at the Project site including 
historic conditions, site survey information, existing conditions hydrologic and hydraulic modeling, 
geomorphology, riparian conditions, and fisheries. 

2.1 Historic Conditions 
Until Euro-American settlers arrived, the streams and rivers of the Walla Walla Subbasin functioned 
more naturally with broad floodplains and healthy riparian areas. The Walla Walla River and its 
tributaries flow from the northeasterly facing slopes of the Blue Mountains toward the Columbia River 
(USFS 1941). Salmonids are assumed to have been able to exploit all suitable habitats below natural 
barriers. The streams and creeks that eventually flow into the Walla Walla River were probably very 
similar to one another. Cottonwood Creek and other stream banks in the lower elevations were likely 
heavily covered by cottonwood groves and woody vegetation. The presence of cottonwoods and 
conifers along the length of the creek would have assured a steady supply of woody debris to the 
system (SRSRB 2011). 

Euro-American settlers brought disturbance with urban and agricultural development of the greater 
Walla Walla area. Many of the creeks, including Cottonwood Creek, were impacted by irrigation draws. 
As these small intermittent tributaries of Yellowhawk Creek went completely dry, they provided little 
to no value to salmonids in the Walla Walla basin (Nielson 1950). Significant impacts to naturally 
functioning stream processes include habitat encroachment, land-use modifications, altered 
hydrology, and altered floodplain connections which have impacted floodplain connection, sediment 
dynamics, and fish habitat. 

2.2 Site Surveys 
Field surveys were conducted for Cottonwood Creek from July 5 to 8, 2022. A total of 2,684 Global 
Positioning System (GPS) points were collected throughout the Project reach covering important site 
characteristics including channel bathymetry (edge of water, bankfull indicators, channel bottom, 
thalweg, habitat units) and topography (toe of slopes, road centerline, bridge abutments and 
centerlines, powerlines, and diversions). The points were collected using a Trimble R12 real-time 
kinetic (RTK) GPS with Global Navigation Satellite System (GLONASS) receivers. The survey control 
point base stations were established by collecting raw static GPS data for a minimum of four hours 
which were then submitted to the Online Positioning User Service (OPUS) for post-processing and 
conversion to the preferred coordinate system. 

Two pebble counts were collected following the methodology of Bunte and Abt (2001). One pebble 
count was collected downstream of Powerline Road and one pebble count was collected upstream of 
Powerline Road. Sediment grain size distributions are shown in Section 2.4. Additionally, data was 
collected during the site visit using GPS enabled software of tablets and phones. This data included 
potential conceptual restoration ideas (i.e., structure placements, relic channel locations, side 
channel inlets and outlets), other relevant geomorphic information like large wood counts (Section 
2.4), and riparian vegetation information (Section 2.5). 
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2.3 Hydrologic and Hydraulic Modeling 
This section presents results of the existing conditions hydrologic and hydraulic modeling for the 
Project reach. 

2.3.1 Hydrology 
Cottonwood Creek just downstream of the Project area has a drainage area of 27 square miles and a 
mean annual precipitation of 40 inches (USGS 2022). Because the stream is ungaged, peak 
streamflows were evaluated using the USGS StreamStats application for a point just downstream of 
the downstream Project area (USGS 2022).  Modeled flows are summarized in Table 2-1. 

Table 2-1. StreamStats Peak Flows for Cottonwood Creek at Project Site 

Recurrence Interval (years) StreamStats Flow (cfs) 

2 504 

5 858 

10 1,150 

25 1,590 

50 2,000 

100 2,440 

2.3.2 Hydraulic Modeling 
For the existing conditions modeling, the primary tool for conducting the hydraulic analysis was a 
comprehensive 2-D hydraulic model using Hydraulic Engineering Center-River Analysis System (HEC-
RAS) 2D, which is a 2-D model developed by the U.S. Army Corps of Engineers (USACE) for use in 
computing velocity, flow depth, shear stress, and other hydraulic characteristics such as sediment 
transport in riverine systems. This model was used to evaluate the baseline conditions of the 
upstream and downstream Project reaches, assist in developing the conceptual design alternatives 
for the Project reaches, and support future permitting review. 

The existing conditions modeling terrain was generated using AutoCAD Civil 3D (Civil 3D) 2022 from 
topographic survey data (Section 2.2) combined with LiDAR survey data from 2018. Comparisons of 
GPS points versus LiDAR were made at fixed areas such as paved roads and bridges and indicated no 
need to make any adjustments to the LiDAR surface. 

Land use for the model was based on aerial imagery and knowledge gained from field surveys. The 
land use was delineated and assigned a Manning’s n roughness value. Roughness values generally 
follow recommendations provided by Chow (1959) as well as professional experience and judgement. 
Based on the aerial map, a land cover file was generated for Manning’s roughness with values ranging 
from 0.02 to 0.1, representing road surfaces to developed areas (Table 2-2). 
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Table 2-2. Manning’s Roughness Values by Land Use 

Land Use/Land Cover Manning’s n Value 

Channel 0.04 

Floodplain 0.05 

Agriculture 0.035 – 0.05 

Road 0.02 

Developed 0.10 

Forested 0.08 

Scrub 0.06 

 

Current conditions in the existing channel in the upstream section are incised with high velocities and 
shear stress in the channel. Bankfull indicators were collected during the site survey and was 
compared to the results of the existing conditions modeling and appear consistent with the 2-Year 
inundation boundary in the downstream area and a little narrower in the upstream area. Floodplain 
inundation extents are limited below the 25-year flood recurrence with minimal off-channel habitat 
available in the downstream area (Figure 2-1). Existing conditions modeling indicates inundation 
extents of 5.8 acres, 11.1 acres, 12.6 acres, and 15.2 acres for the 2-, 10-, 25-, and 100-year flood 
recurrence events, respectively in the upstream area. Existing conditions modeling indicates 
inundation extents of 5.9 acres, 11.4 acres, 22.6 acres, and 39.2 acres for the 2-, 10-, 25-, and 100-year 
flood recurrence events, respectively in the downstream area. Detailed results of the hydraulic 
modeling for the existing conditions are provided in Appendix C. 
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Figure 2-1. Existing Conditions Hydraulic Modeling Results 

Sediment transport modeling was also analyzed for the existing conditions utilizing HEC-RAS. 
Sediment transport was modeled at the 2-year flood recurrence interval (Figure 2-2). The existing 
sediment transport model results are confirmed by observations made in the field. Bank erosion was 
noted in places along both banks in the downstream and upstream Project areas. Deposition was 
noted primarily upstream of Powerline Road. 
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Figure 2-2. Existing 2-Year Flood Recurrence Sediment Transport Modeling Results 

2.4 Geomorphology 
The landscape of the Cottonwood Creek drainage and the Walla Walla valley has been shaped by 
geologic forces including basalt bedrock, tectonic stresses including faulting and folding, glacial 
outburst floods during the ice age, wind-blown silts, and the re-working of surface deposits by 
streams and rivers (CTUIR 2017). The historic landscape would have comprised numerous pool-riffle 
complexes and abundant off-channel habitat in the lower drainage (NPCC 2005). The natural 
distributary system resulting from the alluvial fan created by streams exiting the Blue Mountains and 
rapidly losing gradient would naturally have flooded during high flows. This natural distribution of 
water and sediment across the alluvial fan would have created floodplain channels, backwaters, 
elevated pond areas, abundant large wood supply for large wood structures in the channel, and 
bountiful habitat for beavers in wetland complexes (CTUIR 2017). As discussed in Section 2.1, the 
Euro-American development and settlement of the Mill Creek drainage has reduced ecological 
functionality and reduced available salmonid habitat. 

Currently, Cottonwood Creek in the Project area is defined by an incised channel with sparse riparian 
cover (see Section 2.5), minimal large wood to available to provide in-channel habitat complexity for 
salmonids, degraded bank conditions, and a channel that goes dry early in the summer in the 
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downstream reach. The channel is steep and confined in the upstream section of the upstream 
Project reach before losing gradient and depositing materials across a broader channel width just 
upstream of Powerline Road. This creates an aggradational reach where materials are deposited, and 
over-bank flooding is frequent.  

Downstream of Powerline Road, the gradient is fairly uniform and the reach is more transitional then 
depositional. The channel is incised and perched above the floodplain. At high flows, the over-bank 
flooding is frequent due to the low elevation of the surrounding floodplain. This also explains the 
reach going dry during the summer months because the water table is generally lower than the 
channel bottom in the reach. 

Two pebble counts were collected in the Project reaches. One was collected downstream of the 
Powerline Road bridge and one was collected upstream of the bridge. The results of the pebble counts 
show that the sediment particle size is similar throughout the Project with the D50 being 44.2 
millimeters (mm) downstream of the bridge and 44.2 mm upstream of the bridge (Figure 2-3). Most of 
the sediment in the channel is gravels and cobbles with minimal sands. 

 

Figure 2-3. Pebble Count Data for the Project Reaches 
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Table 2-3 summarizes existing conditions geomorphic metrics for the upstream reach and Table 2-4 
summarizes existing conditions geomorphic metrics for the downstream reach. A relative elevation 
model (REM) was completed for the existing conditions surface to provide context for potential design 
elements. To calculate the relative elevation of the ground surface above the channel bottom, the 
baseline elevation was detrended to follow the channel bottom of the creek. In the model, elevations 
trend higher as one moves away from the river bottom, showing the “relative” height above the 
channel bottom.
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Table 2-3. Geomorphic Metrics for the Upstream Reach 
Reach Characteristics Relative Elevation Model and Photos 

Floodplain Inundation (acres) 
2-Year Flow 5.8 acres 

 

  

10-Year Flow 11.1 acres 
100-Year Flow 15.2 acres 

Primary Channel Length (feet) 3,393 feet 
Secondary Channel Length (feet) 1,016 feet 

Bankfull Width (feet) 48 feet 
Bankfull Depth (feet) 1.29 feet 

Bankfull Cross-Sectional Area 
(square feet) 62 square feet 

Width/Depth Ratio 37.2 
Gradient (percent) 1.54 % 

Sinuosity 1.09 
Braided-Channel Ratio 1.30 

Channel Complexity Index 16.5 
Pools per Mile 11 

Relative Habitat Abundance 

Pool (percent) 4 % 
Riffle (percent) 59 % 
Run (percent) 27 % 
Glide (percent) 10 % 

Large Wood 
34 pieces per mile 

30 cubic yards per mile 

Abundance of Steelhead Habitat at 
Bankfull Flow (acres) 

Spawning 1.57 acres 

Rearing 3.35 acres 
Average Canopy Height (feet) 7.5 feet 

Evapotranspiration (inches per 
year) 

Average 31.0 inches 

Range 5.22 inches 
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Table 2-4. Geomorphic Metrics for the Downstream Reach 
Reach Characteristics Relative Elevation Model and Photos 

Floodplain Inundation (acres) 
2-Year Flow 5.9 acres 

 

  

10-Year Flow 11.4 acres 
100-Year Flow 39.2 acres 

Primary Channel Length (feet) 3,400 feet 
Secondary Channel Length (feet) 0 feet 

Bankfull Width (feet) 60 feet 
Bankfull Depth (feet) 1.50 feet 

Bankfull Cross-Sectional Area 
(square feet) 90 square feet 

Width/Depth Ratio 40.0 
Gradient (percent) 1.05 % 

Sinuosity 1.21 
Braided-Channel Ratio 1.00 

Channel Complexity Index 2.27 
Pools per Mile 8 

Relative Habitat Abundance 1/ 

Pool (percent) N/A 
Riffle (percent) N/A 
Run (percent) N/A 
Glide (percent) N/A 

Large Wood 
5 pieces per mile 

2 cubic yards per mile 

Abundance of Steelhead Habitat at 
Bankfull Flow (acres) 

Spawning 1.83 acres 

Rearing 3.94 acres 
Average Canopy Height (feet) 4.3 feet 

Evapotranspiration (inches per 
year) 

Average 30.0 inches 

Range 7.67 inches 

1/ Channel was dry during survey, no habitat units were verified except for pools where water was present.
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The reference reach identified in the field and via desktop analyses includes dense riparian canopy in 
the steepest stretch of the upstream project area followed by a series of small debris structures 
downstream where the slope decreases. These small debris structures have allowed the formation of 
small, vegetated islands that are promoting improved sediment transport and improved riparian 
conditions (Figure 2-4). Proposed design elements should seek to mimic this naturally formed 
topography to improve riparian conditions, salmonid habitat, and channel stability. 

 

Figure 2-4. Examples of Small Wood Structures and Vegetated Islands in the Downstream Section of the 
Reference Reach 

2.5 Riparian Conditions 
As part of the greater Walla Walla River drainage, historic vegetation in the Cottonwood Creek 
drainage looked much the same, with timber and brush mixed with forbs and grass in the mountains, 
bunch grasses in the middle elevations, and wild rye and sagebrush in the lower elevation valleys 
(USFS 1941).  

With the arrival of early Euro-American settlers in the 1800’s, the landscape was altered for use in 
agriculture including wheat, corn, onion, melons, and other crops and for the introduction of livestock 
(SRSRB 2011). Timber harvesting also began in earnest in the nearby Blue Mountains to supply the 
urban development and expansion of the railroads (CTUIR 2017). Conversion of native habitats has 
altered much of the riparian habitat within the floodplain (NPCC 2005) and the subsequent extirpation 
of beavers and removal of wetlands and ponds from urbanization has further degraded riparian 
conditions to this day. 

During the site surveys, riparian vegetation was documented. While sections of the creek are more 
shaded, most of the Cottonwood Creek riparian area is open, with about 50 percent canopy cover on 
the banks. The understory is weedy and is dominated by Himalayan blackberry (Rubus armeniacus). 
Other woody vegetation present includes black cottonwood (Populus balsamifera), black locust 
(Robinia pseudoacacia), elderberry (Sambucus nigra), smooth sumac (Rhus glabra), and coyote willow 
(Salix exigua). Herbaceous cover consists of poison hemlock (Conium maculatum), bull thistle (Cirsium 
vulgare), star thistle (Centaurea solstitialis), and rush skeletonweed (Chondrilla juncea). Average 
canopy height in the upper project reach is 7.5 feet with a maximum of 80 feet and average canopy 
height in the lower project reach is 4.3 feet with a maximum of 53 feet. 
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Another measure of riparian health is evapotranspiration (ET) rates. OpenET (Windward Fund, Inc. 
2022) utilizes publicly available data to provide satellite-based estimates of ET across the western 
United States. The website provides daily, monthly, and annual satellite-based ET estimates. Higher 
ET rates are generally associated with riparian plant health where plants are photosynthesizing and 
open water is available. Lower ET rates are associated with few plants or no open water to evaporate. 
Healthy riparian areas with high ET rates are also more resilient to drought and other stressors 
(Fairfax and Small 2018). Cumulative ET rates were downloaded and compared for the downstream 
reach, upstream reach, and the reference reach for 2017 through 2021 (Figure 2-5). 

 

Figure 2-5. Cumulative ET Rates for the Downstream Reach, Upstream Reach, and Reference Reach 

The ET rates for the downstream reach show an average ET rate of 30.0 inches per year and a range of 
7.67 inches. For the upstream reach, an average ET rate of 31.0 inches and a range of 5.22 inches. For 
the reference reach, an average ET rate of 37.4 inches and a range of 6.44 inches. The depressed rate 
of ET in the downstream reach correlates with the field observations of decreased riparian health and 
the increased rate of ET in the upstream reach and the reference reach correlate with the field 
observations of generally healthier riparian function. The target for the riparian conditions would be 
to improve the downstream reach ET rates to more closely align with the rates observed in the 
upstream reach or in the reference reach. 

 



Cottonwood Creek PALS Design  Preliminary Design Report 

 16  

2.6 Fisheries 
The primary fish species found in Cottonwood Creek is Endangered Species Act (ESA)-listed Middle 
Columbia River Distinct Population Segment (DPS) steelhead (Oncorhynchus mykiss). Other species 
include rainbow and redband trout (StreamNet 2022). Bull trout are not confirmed to exist in 
Cottonwood Creek (SRSRB 2011). Figure 2-6 provides fish use and timing of life stages for the focal fish 
species present in Cottonwood Creek as discussed in the Snake River Salmon Recovery Plan.  

 

Figure 2-6. Fish Periodicity Chart for Aquatic Species in Cottonwood Creek  

Middle Columbia River DPS steelhead are currently the only anadromous salmonid found in the 
Cottonwood Creek watershed. Cottonwood Creek is an important part of the Walla Walla subbasin 
and would be a component for recovery of the Middle Columbia River DPS steelhead. Steelhead are 
present in the Cottonwood Creek drainage year-round and typically use the Project reach for 
spawning and rearing (SRSRB 2011 and StreamNet 2022). Limiting factors for salmonids in the Walla 
Walla River subbasin are identified in WSCC (2001), NPCC (2005), and SRSRB (2011). Table 2-5 below 
summarizes the limiting factors identified in these studies.   

Table 2-5. Limiting Factors for Productivity of Salmonids in Cottonwood Creek in the Project Reach 

Limiting Factor Category Limiting Factor Limiting Factor Rating 

In-Channel Characteristics 

Passage/Entrainment Moderately Limiting 

Channel Substrate Moderately Limiting 

Large Wood Partially Limiting 

Pool Frequency/Quality Partially Limiting 

Pool Depth Partially Limiting 

Sediment Moderately Limiting 

Water Quality – Temperature Highly Limiting 

Water Quantity – Flows Highly Limiting 

Riparian/Floodplain 

Riparian Condition Moderately Limiting 

Streambank Condition Moderately Limiting 

Channel Stability Moderately Limiting 

Off-Channel Habitat Partially Limiting 

Species Lifestage
Adult Immigration & Holding
Spawning
Juvenile Rearing
Juvenile Emigration

 = Periods of most common or peak use and high certainty that the species and life stage are present

 = Periods of less frequent use or less certainty that the species and life stage are present

 = Periods of rare or no use

?  = Periods of uncertain or suspected use, but data to confirm are lacking

Sept Oct Nov Dec

Summer 
Steelhead

Cottonwood Creek Fish Periodicity: 
Jan Feb Mar Apr May June Jul Aug
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3.0 PROPOSED SITE CONDITIONS, DESIGNS, AND ANALYSES 
This section presents engineering analyses performed for the preliminary design. This includes a 
discussion of the preliminary design alternatives, the preferred alternative design and design 
considerations, proposed conditions hydraulic modeling results and sediment transport, and large 
wood stability. 

3.1 Preliminary Design Alternatives 
The following section describe the alternatives analysis for the preliminary design. 

3.1.1 Previous Designs 
A previous design was provided to Tetra Tech by WWCCD at project initiation. This design was 
reviewed and discussed with WWCCD to identify potential changes to the design. The original design 
called for the installation of 23 PALS and BDA structures and riparian plantings downstream of the 
structures along with 7 large wood structures that featured logs anchored with chain and pins to 
ballast boulders (Appendix A). 

3.1.2 Alternative 1 
Tetra Tech identified the significant changes to the bathymetry and topography in the Project reach 
following the site surveys (Section 2.2). With the analysis of the updated surface and other 
geomorphic indicators and discussions with WWCCD, the previous design was modified to an 
alternative design that closely matches reference reach conditions identified in the upstream section 
of the Project (Section 2.4), and maximized the restoration goals and objectives of improving riparian 
conditions, improving channel stability, and improving instream habitat quality and quantity. This 
alternative included 20 PALS and BDAs and 9 bank habitat structures in the downstream Project area 
and 14 PALS and BDAs and 10 bank habitat structures in the upstream Project area. This alternative 
also included riparian plantings associated with the PALS and BDA structures as well as with the bank 
habitat structures. 

3.1.3 Alternative 2 
Based on modeling results and discussions with WWCCD, Alternative 1 was further modified to meet 
landowner goals of not increasing flooding inundation in the adjacent agricultural fields in Alternative 
2. This alternative features 20 PALS and BDAs and 9 bank habitat structures in the downstream Project 
area and 14 PALS and BDAs and 9 bank habitat structures in the upstream Project area. However, to 
account for flooding inundation protection, a berm was proposed in the downstream Project area to 
protect adjacent fields from increased inundation. This alternative also included riparian plantings 
associated with the PALS and BDA structures as well as with the bank habitat structures. 

3.1.4 Alternatives Analysis 
Table 3-1 below presents the decision matrix for the previous design and the Project alternatives. The 
decision matrix identifies the Project objectives and how the alternatives meet the needs of the 
objectives. 
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Table 3-1. Alternatives Decision Matrix 

Project Objective Previous Design Alternative 1 Alternative 2 

Improve Instream Habitat Quality and Quantity    
Improve Channel Stability    
Improve Riparian Conditions    
 = Exceedingly meets objective 

 = Adequately meets objective 

 = Minimally meets objective 

 
The provided previous design would adequately meet the objectives of improving channel stability 
and improving riparian conditions. However, this design was based on topographic and bathymetric 
data that was outdated and included structures with bolts and chains for anchors which does not 
improve habitat quality and quantity. If structures are moved or the wood material decays in the 
structure, habitat quality is degraded with the leftover non-natural materials that were used for 
anchoring. 

Alternative 1 exceedingly meets the objectives of improving instream habitat quality and quantity and 
improving riparian conditions. The alternative includes the installation of habitat structures like PALS 
and BDAs and bank habitat features that will improve conditions in the channel. Plantings associated 
with the installation of these structures would further improve habitat quality while improving 
riparian conditions. However, because of the increased roughness in the channel, the alternative does 
not improve channel stability and increases flooding inundation to adjacent properties. 

Alternative 2 exceedingly meets all objectives. The installation of the habitat structures (i.e., PALS and 
BDAs and bank habitat features) along with riparian plantings will improve habitat quality and 
quantity. Furthermore, the installation of the berm on the left bank in the downstream Project area 
would improve channel stability and reduce flooding inundation to adjacent properties.  

3.2 Preferred Preliminary Alternative Design 
Based on the reference reach conditions, the previous design that was provided to Tetra Tech, and the 
described alternatives analysis, Alternative 2 was chosen as the preferred preliminary design was 
chosen. The design proposes utilizing PALS and BDAs in concert with riparian plantings and large 
wood structures to promote development of islands of vegetation and restoration of healthy riparian 
areas. As described in Section 2.4, the reference reach includes dense riparian canopy in the steepest 
stretch of the upstream project area followed by a series of small debris structures downstream where 
the slope decreases. These small debris structures have allowed the formation of small, vegetated 
islands that are promoting improved sediment transport and improved riparian conditions. The 
proposed design elements seek to mimic this naturally formed topography to improve riparian 
conditions, salmonid habitat, and channel stability. 

The upstream section of the Project will include PALS and BDAs to mimic the reference reach along 
with habitat bank structures to promote channel stability and provide opportunity for the riparian 
plantings to mature. Within the reference reach, minimal design elements will be included. Upstream 
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of the reference reach, more design elements will be implemented to further promote riparian health, 
channel stability, and sediment sorting. 

The downstream section of the Project will include PALS and BDAs and bank habitat structures 
throughout to meet project objectives of improved riparian health, improved salmonid habitat, and 
improved bank stability. The placement of PALS and BDAs and riparian plantings are intended to also 
mimic the reference reach described above in the upstream project area. The PALS and BDAs are 
strategically placed to reduce bank erosion, protect existing riparian areas, and promote channel 
complexity. The bank habitat structures are also strategically placed to protect existing riparian areas 
and reduce bank instability. 

3.3 Preliminary Design Drawings 
Full detailed design drawings are provided in Appendix B. Figure 3-1 below provides an overview of 
proposed design elements for the project area. 

 

Figure 3-1. Overview of Preliminary Design Elements 
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3.4 Design Considerations and Preliminary Analyses 
The following sections describe the design considerations and preliminary engineering analyses for 
the preliminary design for the Project. An overview of the potential risks identified for the engineering 
designs for preliminary design elements and the analyses or measures to address those risks is 
provided in Table 3-2 below. 

Table 3-2. Risk Assessments and Compensating Analyses or Measures 
Consideration Risk Assessment Analyses or Measures 

Flooding 
• Potential for flood inundation to adjacent 

infrastructure including residents and agricultural 
development 

• Hydrologic and hydraulic analyses of existing 
and proposed conditions (Section 2.3.1, 2.3.2, 
and 3.4.1, and Appendix C) 

Safety • Potential for impacts to bridges downstream of 
project reach 

• Large wood structure stability calculations, with 
stability to the 2-year or 100-year recurrence 
interval depending on structure type (Section 
3.4.2, Appendix C) 

• Sediment transport analyses of existing and 
proposed conditions (Section 2.3.2, 3.4.1.2, 
and Appendix C) 

Project Stability • Large wood structures 

• Structure stability calculations, with stability to 
the 2-year or 100-year recurrence interval 
depending on structure type (Section 3.4.2) 

• Hydraulic analyses (Section 2.3.2, 3.4.1) 
• Shear stress calculations, vertical stability of 

riverbed, and scour (Sections 3.4.1, Appendix 
C) 

 

Consideration of flooding risks in the downstream Project area resulted in the need for the addition of 
a berm feature to protect private property from increased flooding inundation. The increased 
roughness in the channel for salmonid habitat results in an increase in flooding on the left and right 
banks of the creek with existing bank features. Therefore, to meet the design constraint of limiting 
increases in flooding, the design also includes a berm on the left bank to protect the adjacent 
agricultural lands from increased flooding potential. Results of the proposed hydraulic modeling 
showing the reduction in flooding are discussed in Section 3.4.1.1 below. 

3.4.1 Hydraulic Modeling 
Hydraulic modeling for the proposed conditions shown on Figure 3-1 was performed to evaluate the 
selected design alternative. The updated 2D HECRAS model coupled with Civil 3D 2022 were the 
primary software applications. The existing surface was modified to include the proposed large wood 
structures. New inputs included additional Manning’s n values of 0.075 for large wood structures and 
0.055 for proposed riparian planting areas. Results of the modeling were utilized to evaluate the 
stability of the proposed structures.  

3.4.1.1 Proposed Conditions Hydraulic Modeling Results 

Figure 3-2 and Figure 3-3 presents the inundation extents for the existing and proposed conditions for 
both the upstream and downstream Project areas. Table 3-3 presents a summary of inundation 
extents compared to the existing conditions. For the proposed design, inundation extents are 
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maintained at the 5-year event and reduced at the 10-year, 25-year, and 100-year events with the 
inclusion of a flood protection berm. Detailed results of the hydraulic modeling for the proposed 
conditions are provided in Appendix C. 

Table 3-3. Inundation Comparison Between Existing and Proposed Modeling 

Recurrence Interval Event 
(year) 

Upstream Downstream 

Existing 
Inundation (acres) 

Proposed 
Inundation (acres) 

Existing 
Inundation (acres) 

Proposed 
Inundation (acres) 

2-Year 5.8 5.7 5.9 5.9 

10-Year 11.1 11.1 11.4 9.7 

25-Year 12.6 12.9 22.6 14.0 

100-Year 15.2 15.6 39.2 25.7 

 

 

Figure 3-2. Comparison of Hydraulic Modeling Results for the Upstream Project Area 
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Figure 3-3. Comparison of Hydraulic Modeling Results for the Downstream Project Area 

3.4.1.2 Proposed Conditions Sediment Transport 

Results of the proposed conditions sediment transport modeling for the 2-year flow are provided in 
Figure 3-4. Overall deposition and erosion locations appear consistent with the existing conditions, 
with slight increases in deposition behind large wood structure locations. 
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Figure 3-4. Proposed 2-Year Flood Recurrence Sediment Transport Modeling Results 

3.4.2 Large Wood Structure Stability 
A total of 50 in-stream structures are proposed for the project. The in-lines structures are described in 
Section 3.2 and include the bank habitat, bank attached PALS, and centerline BDA structures.     

All proposed in-stream structures have been designed to generally follow placement strategies and 
size requirements outlined in the Stream Habitat Restoration Guidelines (WSAHGP 2012), and the 
National Large Wood Manual – Assessment, Planning, Design, and Maintenance of Large Wood in 
Fluvial Ecosystems: Restoring Process, Functions, and Structure (USBR and USACE 2016). All 
structures have been designed for specific functions within the riverine ecosystem. The structures 
have been positioned throughout the project area to assist in promoting improved sediment 
transport and improved riparian conditions by allowing riparian planting to mature.      

The buoyancy, sliding, post rotation failure, and post breakage calculation results are based on the 
standard force balance approach derived from D’Aoust and Millar (2000) coupled with the USBR and 
USACE (2016) National Large Wood Manual and are provided Appendix C. Structures were evaluated 
for buoyancy when the entire structure is completely submerged. Results are tabulated in Table 3-4 
and 3-5 below for each structure. The structures are evaluated for a minimum factor of safety (FOS) of 
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2.0 or greater for buoyancy, 1.75 or greater for sliding, and 1.25 or greater for BDA post rotation and 
breakage. The minimum FOS are based on the guidelines provided in the USBR’s Large Woody 
Material – Risk Based Design Guidelines (USBR 2014) and the potential risk to bridges and other 
infrastructure downstream of the proposed in-stream structures. It is recommended that each Bank 
Habitat Structure be intrenched into the adjacent bank with a minimum of 40 cubic yards of soil 
ballast. 

Table 3-4. Large Wood Structure Stability Results  

In-Stream Structure Alluvium Ballast  
(cubic yards) 

Buoyancy Factor of 
Safety Sliding Factor of Safety 

Bank Habitat 40 4.38 1.88 
Bank Attached PALS 0 2.86 1.78 

Table 3-5. Beaver Dam Analog Stability Results  
In-Stream Structure Overturning Factor of Safety Breakage Factor of Safety 

Centerline BDA 1.53 2.5 
 

4.0 CONSTRUCTION QUANTITIES AND PRELIMINARY CONSTRUCTION 
COST ESTIMATE 

Table 4-1 below provides a summary of the proposed project materials and quantities for the 
preliminary design. 

Table 4-1. Summary of Proposed Project Materials and Quantities for the Preliminary Design 
Construction Items Units Quantity 

Clearing and Grubbing Acre 1 
Construction Surveying and GPS Control Lump Sum 1 
Earthen Berm Fill Cubic Yard 6,410 
Large Wood Material Each 84 
Vertical Posts Each 347 
Slash/Racking Material Cubic Yard 558 
Branches Cubic Yard 120 
Alluvium Ballast Cubic Yard 190 
Bank Habitat Structure Each 19 
Bank Attached Structure Each 21 
Centerline BDA Structure Each 10 
Riparian Plantings Acre 1 
Over Site BMPs (E.G., TESC, Traffic Control, etc.) Lump Sum 1 
Temporary Stream Crossings Each 2 
Water Control/Dewatering Lump Sum 1 
Stie Stabilization (Temporary seeding and mulching) Acres 2 
Project Cleanup and Repairs Lump Sum 1 
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Table 4-2 below provides rough construction cost estimates for the preliminary design. Final 
construction cost estimates will also be provided at the final design stage. 

Table 4-2. Construction Cost Estimates for the Preliminary Design 
Clearing and Grubbing Costs 

Clearing and Grubbing $3,000 
Construction Surveying and GPS Control $10,000 
Earthen Berm  $205,120 
Large Wood Material $63,000 
Vertical Posts $4,164 
Slash/Racking Material $5,580 
Branches $7,200 
Alluvium Ballast $1,520 
Bank Habitat Structure $55,800 
Bank Attached Structure $58,669 
Centerline BDA Structure $32,625 
Riparian Plantings $8,000 
Over Site BMPs (E.G., TESC, Traffic Control, etc.) $7,500 
Temporary Stream Crossings $10,000 
Water Control/Dewatering $5,000 
Stie Stabilization (Temporary seeding and mulching) $5,000 
Project Cleanup and Repairs $5,000 
Mobilization (10 percent) $48,718 
Contingency (25 percent) $133,974 
Total Cost (Nearest Thousand Dollars) $670,000 
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FLOW DIRECTION

PAL-BAR TYPICAL PLAN A       PAL- BAR TYPICAL SECTION

B B

PAL STRUCTURE TYP. ORDINARY
HIGH WATER

RIPARIAN
PLANTING

TYP. ORDINARY
HIGH WATER

FLOW DIRECTION

B    PAL-BAR TYPICAL SECTION

TYP. ORDINARY
HIGH WATER

100 YEAR
RETURN FLOW

3-4' BURIAL DEPTH

CONSTRUCTION NOTES:
1. PAL STRUCTURE WILL BE FIELD LOCATED AT TIME OF CONSTRUCTION BY THE ENGINEER.
2. POSTS SHALL BE DRIVEN TO STAKED DEPTH.
3. PRIMARY STRUCTURAL MEMBERS ARE SHOWN.  ADDITIONAL SLASH AND SMALL MEMBERS MAY BE ADDED.

LWD QUANTITIES

ITEM

Posts

 DIA.
(IN.)

MIN.
LENGTH (FT) QUANTITY

3-4" 6' 30-60

SLASH 5 CY.

3-4' BURIAL DEPTH
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LOGS ANCHORED
TO BOULDERS

FLOW DIRECTION

TRI LWD TYPICAL PLAN A  TRI LWD TYPICAL SECTION

B B

LWD BALLASTED
 WITH BOULDERS TYP. ORDINARY

HIGH WATER

RIPARIAN
PLANTING

100 YEAR
RETURN FLOW

TYP. ORDINARY
HIGH WATER

TABLE NOTES:
1. MINIMUM LENGTHS ARE REPORTED FOR

MATERIAL PROCUREMENT PURPOSES.  ALL LWD
SHALL BE CUT TO FIT IN ACCORDANCE WITH THE
PLANS AND SPECIFICATIONS.

2. ROOTWAD LOG LENGTHS DO NOT INCLUDE THE
LENGTH OF THE ROOTWAD MASS.

3. ROOTWAD LOG DIAMETER IS MEASURED AT THE
BREAST HEIGHT.

4. LOG POLE DIAMETER IS MEASURED A T THE MID
POINT ALONG THE LENGTH OF THE LOG.

FLOW DIRECTION

B    TRI LWD TYPICAL SECTION

TYP. ORDINARY
HIGH WATER

100 YEAR
RETURN FLOW

1'-2' BURIAL DEPTH

CONSTRUCTION NOTES:
1. TRI LWD WILL BE FIELD LOCATED AT TIME OF CONSTRUCTION BY THE ENGINEER.
2. STRUCTURE ANCHORING IS ACHIEVED BY UTILIZING EXISTING TREES, REBAR PINS, ROCK BALLAST AND BURIAL AS

DIRECTED BY ENGINEER.
3. IF STRUCTURE ANCHORING IS ACHIEVED BY BURIAL THEN A TRENCH SHALL BE EXCAVATED FOR PROPER PLACEMENT

AND BACKFILLED TO EXISTING GRADE. EXCESS MATERIAL SHALL BE PLACED IN LEE OF STRUCTURE..
4. PRIMARY STRUCTURAL MEMBERS ARE SHOWN.  ADDITIONAL SLASH AND SMALL MEMBERS MAY BE ADDED.

LWD QUANTITIES

ITEM

ROOTWAD
LOG

LOG DIA.
(IN.)

ROOTWAD
DIA. (IN.)

MIN. LOG
LENGTH (FT) QUANTITY

LOG POLE

18" 54" 35' 2

18" 35' 1

ROCK QUANTITIES

ITEM
INTERMEDIATE

DIA. (Ft)
MIN. DRY WT.

(Lb)
MIN # of
ROCKS

QUANTITY
(ton)

BOULDER 3 3000 5 7

SLASH 5 CY.
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3
4" x 6" eyebolt

with drop in anchor

3
8" Grade 40

Chain

LWD Members-
Shown without
rootwad for clarity.

1
2" x 6" staple

Ballast Rock

Rock/Chain Anchor Detail

1" x 3'-4' Rebar pin.  (Length TBD based on
LWD size.)  The pin shall be set flush with
the top of the log or shall be cut off flush.

Pin shall fully
penetrate both logs.

A full depth pilot hole shall be
drilled or cut.

The pilot hole shall not be
oversized.

Pinning Detail
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Hydraulic Modeling Summary 
Existing Conditions 
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Hydraulic Modeling Summary 
Proposed Conditions
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Engineering Calculations Summary 



KEY "BASE" MEMBERS
Number of Logs with Rootwads NL = 2

DOUG-FIR SL = 0.40 specific gravity

Average Rootwad Fan Diameter DRW = 3 feet Wood Volume = 65 cubic feet per member

Average Rootwad Length LRW = 3 feet
Proportion of Voids in Rootwad p = 0.2 decimal %

Tree Stem Average Diameter DTS = 1.5 feet
Tree Stem Average Length LTS = 30 feet FBL = 4,841 pounds

STACKED "MIDDLE" MEMBERS
Number of Logs with Rootwads NL = 2

pine, ponderosa SL = 0.40
Average Rootwad Fan Diameter DRW = 3 feet Wood Volume = 65 cubic feet per member

Average Rootwad Length LRW = 3 feet
Proportion of Voids in Rootwad p = 0.2 decimal %

Tree Stem Average Diameter DTS = 1.5 feet
Tree Stem Average Length LTS = 30 feet FBL = 4,841 pounds

TOP MEMBERS
Number of Logs with Rootwads NL = 2

pine, ponderosa SL = 0.40
Average Rootwad Fan Diameter DRW = 3 feet Wood Volume = 65 cubic feet per member

Average Rootwad Length LRW = 3 feet
Proportion of Voids in Rootwad p = 0.2 decimal %

Tree Stem Average Diameter DTS = 1.5 feet
Tree Stem Average Length LTS = 30 feet FBL = 4,841 pounds

SUBMERGED WEIGHT OF TREES
Base Members Wt 3,622     lbs

Stacked Middle Members Wt 3,622     lbs
Key Top Memebers Wt 3,622     lbs

Total 10,866   (pounds) effective weight for all trees

BOULDER BALLAST
Specific Gravity of Boulders SS  = 2.66

equivalent Diameter of Boulder DB = 2.0 feet
Number of Boulders Submerged NB = 0

Number of Boulders above water level NBU = 0 W' = 434 (pounds) effective weight per submerged boulder

W = 695 (pounds)  weight per boulder

Total Effective Weight for all Boulders = 0 pounds

BOULDER BALLAST
Specific Gravity of Boulders SS  = 2.66

equivalent Diameter of Boulder DB = 3.0 feet
Number of Boulders Submerged NB = 0

Number of Boulders above water level NBU = 0 W' = 1,465 (pounds) effective weight per submerged boulder

W = 2,347 (pounds)  weight per boulder

Total Effective Weight for all Boulders = 0 pounds

SOIL BALLAST
Specific Gravity of Soil Particles Ssoil  = 2.65

Minimum Soil Dry Density γd min= 90 lbs/ft3

Maximum Soil Dry Density γd max= 115 lbs/ft3

Compaction Dr = 80% Percent Relative Density
Unit Weight of Dry Soil Backfill γd= 130 lbs/ft3

Void Ratio e= 0.27
Porosity n= 0.21

Degree of Saturation Below Water Level S= 100%
Weight of Pore Water w= 10.26 lbs/ft3

Saturated Unit Weight of Soil Backfill γsat= 140.26 lbs/ft3

Buoyant Unit Weight of Soil Backfill γ'b 77.864 lbs/ft3

Nominal Footprint Area of Soil Backfill ABF= 360.0 ft2

Depth of Soil Backfill Submerged ZB = 2.9 feet
Depth of Soil Backfill above Water Level ZBU = 0.0 feet W' = 52,380 (pounds effective weight per 50 cubic feet of Soil Ballast

Total Volume of Wood Vd = 388.1 ft3 W = 0 (pounds) weight per 50 cubic feet of Soil Ballast

Total Effective Weight for all Soil Lifts = 52,380 pounds

Engineered Log Jam Buoyancy Factor of Safety Calculations - Bank Habitat Structure
Methodology based on standard force balance approach, information adapted from D'aoust & Millar (2000), and USBR USACE 2016 National Large Wood Manual.



FACTOR OF SAFETY:  BUOYANCY

FSB = 4.36

HORIZONTAL FORCES: FRICTION
Bed Sediment Friction Angle φ= 33 Degrees

Bed Stress µbed= 0.64940759
Submerged Weight of Ballast Wbl(sub)= 52,380 lbs.

Specific Weight of Water γw= 62.43 lbs./ft3

Buoyancy Force Fb= 14521.7966 lbs.
Drag Coefficient CL= 1.5 Assumes maximum drag coefficient

Area of Structure Perpendicular to Flow A= 100 ft2 Length 20 ft Depth 5 ft
Approach Flow Velocity Uo= 8.2 fps
Gravitational Constant g= 32.17 ft/s2

Lift Force FL= 9786.58657 lbs.
Normal Force Fn= 28,072 lbs.
Friction Force Ff= 18230.0832 lbs.

HORIZONTAL FORCES: DRAG
Drag Coefficient CD= 1.5 Assumes maximum drag coefficient

Drag Force Fd= 9786.59 lbs.

LATERAL RESISTANCE FORCES: VERTICAL PILINGS
Number of Piles N= 0

Length of Pile Buried Below Scoured Bed Lem= 0 ft
Pile Diameter dp= 0 ft

Distance Above Scoured Bed Applied Load hload= 6 ft
Effective Angle of Internal Friction φ'= 34 Degrees

Rankine Coefficient of Passive Earth Pressure Kp= 3.53713204
Horizontal Restraint Force (Pilings) Fgh= 0 lbs.

FACTOR OF SAFETY: SLIDING

Fsh = 1.86
Target factor of safety for sliding is 1.75

A simplified approach is used to estimate buoyancy where the logs and ballast boulders in the log jam are fully submerged.  In addition, the log jam and boulders act as a 

composite structure and are assumed fully connected.  Water velocity inside the log jam is highly turbulent and near zero, therefore vertical uplift forces are assumed negligible.

A minimum factor of safety against buoyancy should be 1.5 with an ideal F.O.S. greater than 2.0.



KEY "BASE" MEMBERS
Number of Logs with Rootwads NL = 1

DOUG-FIR SL = 0.40 specific gravity

Average Rootwad Fan Diameter DRW = 4 feet Wood Volume = 95 cubic feet per member

Average Rootwad Length LRW = 4 feet
Proportion of Voids in Rootwad p = 0.2 decimal %

Tree Stem Average Diameter DTS = 1.5 feet
Tree Stem Average Length LTS = 35 feet FBL = 3,555 pounds

STACKED "MIDDLE" MEMBERS
Number of Logs without Rootwads NL = 0

pine, ponderosa SL = 0.40
Average Rootwad Fan Diameter DRW = 4 feet Wood Volume = 113 cubic feet per member

Average Rootwad Length LRW = 4 feet
Proportion of Voids in Rootwad p = 0.2 decimal %

Tree Stem Average Diameter DTS = 1.5 feet
Tree Stem Average Length LTS = 45 feet FBL = 0 pounds

TOP MEMBERS
Number of Logs with Rootwads NL = 3

Douglas-fir, coastal SL = 0.48
pine, ponderosa DRW = 4 feet Wood Volume = 73 cubic feet per member

pine, ponderosa LRW = 4 feet
pine, ponderosa p = 0.2 decimal %
pine, ponderosa DTS = 1.4 feet
pine, ponderosa LTS = 25 feet FBL = 3,555 pounds

SUBMERGED WEIGHT OF TREES
Base Members Wt 2,660       lbs

Staked Middle Members Wt -           lbs
Key Top Memebers Wt 6,093       lbs

Total 8,753       (pounds) effective weight for all trees

BOULDER BALLAST
Specific Gravity of Boulders SS  = 2.66

equivalent Diameter of Boulder DB = 3.0 feet
Number of Boulders Submerged NB = 0

Number of Boulders above water level NBU = 0 W' = 1,465 (pounds) effective weight per submerged boulder

W = 2,347 (pounds)  weight per boulder

Total Effective Weight for all Boulders = 0 pounds

BOULDER BALLAST
Specific Gravity of Boulders SS  = 2.66

equivalent Diameter of Boulder DB = 3.0 feet
Number of Boulders Submerged NB = 0

Number of Boulders above water level NBU = 0 W' = 1,465 (pounds) effective weight per submerged boulder

W = 2,347 (pounds)  weight per boulder

Total Effective Weight for all Boulders = 0 pounds

SOIL BALLAST
Specific Gravity of Soil Particles Ssoil  = 2.65

Minimum Soil Dry Density γd min= 90 lbs/ft3

Maximum Soil Dry Density γd max= 115 lbs/ft3

Compaction Dr = 90% Percent Relative Density
Unit Weight of Dry Soil Backfill γd= 130 lbs/ft3

Void Ratio e= 0.27
Porosity n= 0.21

Degree of Saturation Below Water Level S= 100%
Weight of Pore Water w= 10.26 lbs/ft3

Saturated Unit Weight of Soil Backfill γsat= 140.26 lbs/ft3

Buoyant Unit Weight of Soil Backfill γ'b 77.86 lbs/ft3

Nominal Footprint Area of Soil Backfill ABF= 260 ft2

Depth of Soil Backfill Submerged ZB = 0.50 feet W' = 20,245 (pounds effective weight per 50 cubic feet of Soil Ballast

Depth of Soil Backfill above Water Level ZBU = 0 feet W = 33,800 (pounds) weight per 50 cubic feet of Soil Ballast

Total Effective Weight for all Soil Lifts = 10,122 pounds

Engineered Log Jam Buoyancy Factor of Safety Calculations - Bank Attached PAL
Methodology based on standard force balance approach, information adapted from D'aoust & Millar (2000), and USBR USACE 2016 National Large Wood Manual.



FACTOR OF SAFETY:  BUOYANCY

FSB = 2.65

HORIZONTAL FORCES: FRICTION
Bed Sediment Friction Angle φ= 33 Degrees

Bed Stress µbed= 0.649407593
Submerged Weight of Ballast Wbl(sub)= 10,122 lbs.

Specific Weight of Water γw= 62.43 lbs./ft3

Buoyancy Force Fb= 7,110 lbs.
Drag Coefficient CL= 1.7

Area of Structure Perpendicular to Flow A= 180 ft2 Length 30 ft Depth 6 ft
Approach Flow Velocity Uo= 11 fps
Gravitational Constant g= 32.17 ft/s2

Lift Force FL= 35926.84458 lbs.
Normal Force Fn= 33,800 lbs.
Friction Force Ff= 21949.97665 lbs.

HORIZONTAL FORCES: DRAG
Drag Coefficient CD= 1.7 Assumes structure is not entirely submerged

Drag Force Fd= 35926.84458 lbs.

LATERAL RESISTANCE FORCES: VERTICAL PILINGS
Number of Piles N= 7

Length of Pile Buried Below Scoured Bed Lem= 8 ft
Pile Diameter dp= 1 ft

Distance Above Scoured Bed Applied Load hload= 4 ft
Effective Angle of Internal Friction φ'= 34 Degrees

Rankine Coefficient of Passive Earth Pressure Kp= 3.5
Horizontal Restraint Force (Pilings) Fgh= 41,113          lbs.

FACTOR OF SAFETY: SLIDING

Fsh = 1.76
Target factor of safety for sliding is 1.75

A simplified approach is used to estimate buoyancy where the logs and ballast boulders in the log jam are fully submerged.  In addition, the log jam and boulders act as a 

composite structure and are assumed fully connected.  Water velocity inside the log jam is highly turbulent and near zero, therefore vertical uplift forces are assumed negligible.

A minimum factor of safety against buoyancy should be 1.5 with an ideal F.O.S. greater than 2.0.



Impact force  Beaver Dam Analog Design Version 1.0 
PROJECT Cottonwood Creek ANALYST A. Deep 11/15/2022
Structure type Post line with wicker weave REVIEWER J. Andrews 11/15/2022
River and reach Cottonwood Creek
Spreadsheet developer Tetra Tech, Inc.
Public safety risk Low
Property damage risk Low
Design discharge 504 cfs from Hydrology worksheet
Design discharge return interval 2.0 years from Hydrology worksheet
Primary BDA purpose Improve floodplain connectivity

US units/degrees SI units/radians
Sediments
Channel bed sediment Medium gravel from Summary worksheet
Dry unit weight of sediment gsoil = 120 lbs/ft3 1,922 kg/m3 lookup based on sediment type
Soil friction angle f = 36 degrees 0.63 radians lookup based on sediment type
Sediment specific gravity SG = 2.65 - 3.85 -
Void ratio of soils e = 0.38 - 3.85 -
Saturated unit weight of sediment gsat = 137 lbs/ft3 2,197 kg/m3 lookup based on sediment type
Rankine passive earth pressure coefficient Kp = 3.85 - 3.85 -

Effective buoyant weight of sediment geff = 75 lbs/ft3 1,197 kg/m3 lookup based on sediment type

Horizontal forces acting on posts
Drag force Fd = 168 lbs 747 N from Hydraulics worksheet
Hydrostatic force on upstream face Fhu = 1,836 lbs 8,164 N from Hydraulics worksheet
Hydrostatic force on downstream face Fhd = -6821 lbs -30,339 N from Hydraulics worksheet
Impact force Fi = 225 lbs 1,000 N from Hydraulics worksheet
Total horizontal force acting on posts Ft = -4,593 lbs -20,428 N
Number of posts not including bank wraps Nposts = 15 - 67 N from Structure dimensions worksheet

Force per post Fpost = -306 lbs -1,362 N

Moments acting on posts
Moment due to drag force 55 ft-lb 74 N m
Moment due to hydrostatic force on upstream face 17,952 ft-lb 24,344 N m
Moment due to hydrostatic force on downstream face -8,164 ft-lb -11,071 N m
Moment due to impact force 61,418 ft-lb 83,283 N m
Sum of overturning moments 71,261 ft-lb 96,630 N m
Overturning moment per post Moverturning= 5,090 ft-lb 6,902 N m

Post rotation failure
Distance above upstream streambed that resultant 
load is applied hload = 3.3 ft 1.01 m

Downstream flow depth Yd = -0.5 ft -0.15 m from Hydraulics worksheet
Scour depth hscour =  0.5 ft 0.14 m from Scour worksheet

Distance from bottom of scour hole to water surface hscour + Yd = -0.1 ft -0.02 m

Minimum post embedment below scour depth hscmin = 3.9 ft 1.19 m Based on Broms (1964)  equation 8

Total minimum required embedment hembed_min = 0.0 ft 1.34 m

Additional embedment to increase safety factor
hadd = 

ft 0.00 m Additional post length to increase safety factor
Total design embedment hsd = 5.4 ft 1.65 m
Height of post above design water surface habove = 0.3 ft 0.09 m from Structure dimensions worksheet
Total length of post Lpost = 8.2 ft 2.49 m
Overturning moment per post Moverturning= 5,090 ft-lb 6,902 N m from Moments section above
Resisting moment per post Mresisting = 7,787 ft-lb 6,902 N m Broms (1964) equation 7
Safety factor for post overturning failure SFr = 1.53 1.53

Minimum safety factor for post overturning failure Sfminr = 1.25 1.25 from Summary worksheet

Post breakage
Post diameter, DBH dposts = 0.5 ft 0.15 m from Structure dimensions worksheet

Overturning moment Moverturning= 5,090 ft-lb 6,902 N m
Overturning moment in alternate units Moverturning= 61,081 lb-in in alternate units
Species of wood used for posts Pine, lodgepole from Summary worksheet
Maximum allowable stress on posts Fy = 5,900 psi 40.7 Mpa
Section modulus operating on pile Sact = 8.3 in3

136 cm3

Section modulus at full strength Spost = 21.2 in3
347 cm3

Safety factor for post breakage SFb = 2.5 2.5
Minimum safety factor for post breakage Sfminb = 1.25 1.25 from Summary worksheet
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